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Abstract 
Spearfishing has non-extractive effects on fish behaviour, such as increasing wariness, but 
effects on foraging behaviour of key grazers are unknown. The grazing behaviour of two 
Caribbean parrotfish - a fished species, the stoplight parrotfish Sparisoma viride, and a non-
fished species, the striped parrotfish Scarus iseri - were studied in the presence (fished site) 
and absence (marine reserve) of chronic spearfishing activity. Diurnal feeding periodicity did 
not differ between the sites in either species: roving individuals had significantly higher bite 
rates in the afternoon, while territorial individuals foraged consistently throughout the day. 
Mean bite rate varied between sites in both species. Abundance, biomass and bite rates of S. 
viride were all significantly higher within the reserve, except for roving S. viride which had a 
higher mean bite rate in the afternoon outside the reserve compared to within it, attributable to 
maximization of feeding in the afternoon when fishing risk was lower. S. iseri mean abundance 
and bite rate were greater outside the reserve, potentially because reduction in large territorial 
herbivores allowed S. iseri to feed more rapidly. By reducing the grazing potential of the 
remaining S. viride individuals the impact of fishing is greater than would be predicted from 
biomass changes alone. Less grazing by S. viride would not be compensated for by the increase 
in grazing by S. iseri because the latter feeds on different algae. Spearfishing of key parrotfish 
species reduces grazing potential directly by extraction and also indirectly by changing 
behaviour.  
1. Introduction 
Overexploitation has resulted in marked declines in the abundance of predatory fishes and 
changes in fish community composition worldwide (Jackson et al., 2001), most notably 
decreases in species richness and total abundance in areas of high human population density 
(Stallings, 2009) and where dependence on marine resources is high (Cinner at al., 2009). 
Fishing typically selects for the removal of large-bodied individuals, causing declines in target 
species size, density and biomass (Russ, 2002) and indirectly modifying the structure and 
function of diverse marine ecosystems (Steneck et al., 2003) such as coral reefs (McClanahan 
et al., 2002). In recent decades Caribbean coral reefs have suffered substantial regional losses 
of live coral cover (Gardner et al., 2003; Schutte et al., 2010), accompanied by increases in 
macroalgae (Hughes, 1994). This is in part related to the depletion of large-bodied individuals 
through overfishing, which has resulted in the targeting of successively smaller herbivorous 
fishes (Pauly et al., 1998; Giglio et al., 2017), and important herbivores such as scarids 
(parrotfish) and acanthurids (surgeonfish) (Hughes, 1994; Hawkins & Roberts, 2004; Pinheiro 
& Joyeux, 2015). Parrotfish (Labridae: Scarinae) play a significant role in preventing 
macroalgae from dominating reef ecosystems (Bellwood et al., 2006; Steneck et al., 2014), and 
when unfished have the potential to maintain approximately 40% of the reef in a permanently 
grazed state (Mumby et al., 2007). Since the Caribbean region-wide mass mortality of the 
urchin Diadema antillarum in 1983 (Lessios et al., 1984), parrotfish grazing alone may be 
insufficient to reduce macroalgal cover in areas of high fishery exploitation (Burkepile & Hay, 
2010). Because of the increase in the harvesting of parrotfish (Mumby et al., 2012; Pavlowich 
& Kapuscinski, 2017), controls on the extraction of major grazers have been implemented in 
some countries in the region (Belize (Montero, 2009), Bonaire (Government of Bonaire, 2010) 
and the Turks and Caicos Islands (Mumby, 2016) but it has been recommended that an outright 
ban on parrotfish extraction be implemented throughout the Caribbean (Jackson et al., 2014).  
Spearfishing is a traditional fishing method that is still common in many Caribbean countries. 
It is a low-cost fishing technique, with simple spears and catapults being built from inexpensive 
local materials. Spearfishing allows for highly selective targeting and removal of fish. 
Spearfishing can cause changes to fish populations (Frisch et al., 2012), and by selectively 
removing larger size classes, has the potential to remove a disproportionate number of males, 
in protogynous hermaphrodites such as most parrotfish, thus altering sex ratios and 
consequently contributing to population decline (Costa Nunes et al., 2012; Frisch et al., 2012; 
Chavarro et al., 2014). The effects of spearfishing extraction, such as reductions in density and 
mean size of targeted fish, are well-known (Frisch et al., 2012; Ennis & Aiken, 2014), however 
there is less information available on the non-lethal effects of this fishing method. Consistent 
spearfishing pressure causes significant changes in fish behaviour, such as increased wariness 
(Côté et al., 2014; Goetze et al., 2017; Benevides et al., 2018) and flight initiation distance 
(Gotanda et al., 2009; Januchowski-Hartley et al., 2011; Benevides et al., 2016; Tran et al., 
2016), defined as the distance between the prey and a potential predator when it starts to flee 
(Gotanda et al., 2009). Changes in fish escape response have also been noted, with some fish 
escaping to open water (Guidetti et al., 2008) or seeking refuge at depth (Côté et al., 2014; 
Lindfield et al., 2016). No previous studies have investigated whether spearfishing pressure 
affects foraging behaviour. If spearfishing affects foraging behaviour e.g. by decreasing bite 
rates, then the overall effect of spearfishing on reducing grazing potential on reef communities 
would be greater than just the effect of removing grazer biomass. Information on how 
spearfishing affects foraging behaviour is thus crucial to understanding the total effects of 
spearfishing pressure on reef communities. 
To accurately assess changes in parrotfish foraging behaviour, it is important not to generalise. 
Some may belong to a specific behavioural group. For example, in the Caribbean some 
parrotfish species exhibit territorial and roving foraging behaviour (Clifton, 1989). Often 
territorial parrotfish are large terminal-phase males surrounded by a harem of females, and 
subordinate males. They are highly site-attached and actively defend their resources against 
conspecifics (van Rooij et al., 1996b). Roving parrotfish tend to be smaller mobile grazers that 
form schools and show no site-attachment using swarming techniques to overcome territorial 
defence by damselfish and other parrotfish (Ceccarelli et al., 2005). Territorial groups have 
been shown to have significantly lower bite rates than roving conspecifics (Bruggemann et al., 
1996). This study compared the foraging behaviour of two distinct behavioural groups of 
parrotfish at two sites, one within a well-protected marine reserve where no chronic 
spearfishing pressure occurred and the other in a traditional fishing area where chronic 
spearfishing pressure from a local fishing village was high. Two specific questions were 
addressed: 1) Does chronic spearfishing pressure cause changes in foraging behaviour in target 
and non-target fishery species? 2) Are the effects different between territorial individuals 
compared with roving individuals?   
2. Materials and methods 
2.1 Study site 
All behavioural observations were conducted off Roatán the largest of the Bay Islands, 
Honduras, in April and May 2012. Roatán (16°23′ N, 86°24′ W), is surrounded by fringing and 
barrier reefs. Two study sites between 3 and 8 m in depth, were chosen for comparison, one 
area within the Roatán Marine Park (RMP) (16°18’37’’N, 86°35’36’’W), and the second 
outside the reserve in front of the fishing village of Punta Gorda (16°21′30’’N, 86°27′20’’W). 
Spearfishing is illegal throughout the Bay Islands, with the exception of targeting invasive 
lionfish, however in Punta Gorda it is a daily activity with local fishers using spears made from 
iron rebar and rubber slings to catch reef fish for local consumption. Spearfishing pressure 
within the park was very light with only 39 reported incidences of illegal spearfishing activity 
over the three and a half years from 2006 to mid-2010 (data provided by RMP). Both sites were 
located on the north coast of the island and had similar coral reef habitats dominated by 
Orbicella annularis spur and groove formations.  
2.2 Fish assemblage biomass and benthic cover 
Benthic cover was quantified at each site using point intercept surveys with points separated 
every 10 cm along a 10 m transect. Twelve transects were placed haphazardly across the reef, 
following the Atlantic and Gulf Rapid Reef Assessment (AGRRA) benthic survey protocol 
(Lang et al., 2010). Transects were a minimum of 5 m apart to ensure independence.  
Fish density and biomass was compared between sites using underwater visual census 
following the AGRRA fish protocol Version 5.4 (Lang et al., 2010). The number and size 
classes (in 10 cm categories with the exception of 0 – 5 cm and 6 – 10 cm to account for 
juveniles) of all AGRRA fish species (83 key indicator reef fish species belonging to 13 
common Caribbean families, e.g. Chaetodontidae, Haemulidae, Lutjanidae, Pomacanthidae) 
were recorded along 20 separate 30 x 2 m transects placed haphazardly at each site, at depths 
ranging from 3 m to 8 m, while using SCUBA. Transects were a minimum of 5 m apart to 
ensure independence. Fish biomass was calculated using known length-weight relationships 
taken from FishBase (www.fishbase.org) (Froese & Pauly, 2018).  
2.3 Spearfishing catch data 
Spearfishing data was collected by reviewing photos of illegal spearfishing seizures (39 
reported incidences) occurring within the RMP during the period of 2006 to mid-2010 to assess 
species composition and size estimates. It was not possible to collect catch data from Punta 
Gorda as spearfishing whilst prevalent is illegal and fishers did not want their catches recorded. 
2.4 Feeding behaviour observations 
Two species of parrotfish were selected for focal observations of feeding behaviour: the 
stoplight parrotfish Sparisoma viride Bonnaterre 1788, which is a spearfishing target species 
throughout the Caribbean, and the striped parrotfish Scarus iseri Forsskål 1775, which is a non-
target species. Terminal and initial phase S. viride comprised 15% and 10% respectively of the 
total number of individuals in the spearfishing catches confiscated within the Marine Park, 
while S. iseri were not found in the catch.  
Two aspects of foraging behaviour were investigated: total bite rate within an observed period 
and diurnal feeding periodicity which is the difference in total bite rate between the morning 
and the afternoon. Prior to commencing data collection, a period of one week was spent in the 
water observing the parrotfish and learning their behaviours and characteristics to ensure 
accurate classification of their behavioural type. Parrotfish were observed twice a day between 
09:00-11:00 and 14:00-16:00 to control for diurnal changes in bite rates by territorial and 
roving behavioural groups (Bellwood 1995). Individual fish of each group were selected at 
random and observed for 5 minutes following a minimum acclimation period of 3 minutes. 
Recording of bites for each individual fish only began when it was clear which behavioural 
group they belonged to. Parrotfish were classified as territorial when they a) displayed 
aggressive and defensive behaviour in order to exclude other fish from their territory, b) were 
of the same species as an individual displaying aggression but were allowed to remain within 
the territory that other fish were chased out of, or c) the individual was observed swimming 
high in the water column which is classed as territory border control behaviour. Parrotfish were 
classified as roving when they were part of a large school (often multispecies) that utilised 
swamping foraging techniques to overcome defence by territorial fish (Van Rooij et al., 
1996b). 
Observations were discontinued if the fish showed a response to the observer (Bonaldo & 
Bellwood, 2008). Individuals from the same behavioural type (territorial or roving) and size 
class were not followed over successive periods and observations were spread over a large area 
at each site (25,000 m2) to minimize the risk of following the same individual (Bonaldo et al., 
2006; Welsh & Bellwood, 2012). 
Equal numbers of both initial phase (IP) and terminal phase (TP) individuals were followed 
within each behavioural group at each site to control for behavioural variability relating to 
ontogeny (Bonaldo et al., 2006). Behavioural group and total length (in 10 cm size classes) of 
each individual was recorded, and total bites taken during the 5 minute observation period were 
recorded.  
2.5 Data analysis 
All analyses were carried out in RStudio version 1.1.383 (RStudio Team 2016) linked to R 
version 3.4.3 (R Core Team 2017). Prior to all analysis, data were checked for normality using 
quantile-quantile plots and a Shapiro-Wilk’s normality test. Homogeneity of variances were 
checked using a Levene’s test. AGRRA benthic cover categories Aggressive Invertebrates 
(AINV) (aggressive sponges) and Other Invertebrates (OINV) (octocorals) were combined in 
to one group: Invertebrates (INV), while Calcareous Macroalgae (CMA) and Fleshy 
Macroalgae (FMA) were combined in to one group: Macroalgae (MA). Final benthic categories 
were: crustose coralline algae (CCA), cyanobacteria (CYAN), dead coral (DC), INV, live coral 
(LC), MA, pavement (PV), rubble (RB), sand (SAND), and turf algae (TA). Benthic cover data 
were normalised and a similarity matrix was created based on Bray-Curtis distance measures. 
Fish assemblage biomass data were fourth root transformed and a Bray-Curtis resemblance 
matrix calculated. Using the vegan package (Oksanen et al., 2018) two one-way 
PERMANOVAs with 999 permutations were carried out to determine whether there was a 
difference in a) benthic cover and b) fish assemblage biomass between sites. Differences in 
percent cover of the key benthic categories CCA, LC, MA and TA were tested with t-tests 
when data conformed to normality and homoscedasticity and a Mann-Whitney-Wilcoxon U-
test when they did not. Principal Coordinate Analysis (PCA) was used to visualise the fish 
assemblage data and, to ascertain whether the differences in S. viride populations were 
significant drivers of dissimilarity in the fish assemblage between sites, a subsequent SIMPER 
analysis (Oksanen et al., 2018) identified which fish species contributed most to the differences 
in biomass between sites. Differences in the abundance and biomass of the two focal species 
S. iseri and S. viride between sites was tested using a non-parametric Mann-Whitney-Wilcoxon 
U-test. Both S. viride and S. iseri bite rate data were log-transformed. Generalized Linear 
Models (GLM) were run for each species with bite rate as the numeric response variable and 
Site (Reserve/Non-Reserve), Social (Territorial/Roving), Size (Mean of Size Class) and Time 
(Morning/Afternoon) as predictor variables using the R package glm2 (Marschner, 2011). 
Model assumptions and validity were checked after running the models. Model fit was assessed 
by comparing the Null and Residual Deviance. The interaction between predictor variables 
Size and Site was included in the model for each species. It was later dropped from the model 
for S. iseri as it was not significant and resulted in a model with a higher AIC (Aikake 
Information Criteria) indicating a worse fit than the model with no interaction terms.  
3. Results  
3.1 Benthic cover and fish assemblage biomass  
There was a significant difference in the benthic assemblage structure between sites 
(PERMANOVA, 999 permutations, F(1, 22) = 12.672, p = 0.001). Mean (± SE) live coral 
cover was not significantly different between sites; 25.83 ± 1.9% within the reserve and 21.42 
± 1.72% outside the reserve (Mann-Whitney-Wilcoxon U-test, W = 47, p = 0.158) (Fig. 1).  
Macroalgae (outside: 32.33 ± 2.2; inside: 25 ± 1.82%) and CCA (outside: 28.25 ± 2.65; inside: 
15.45 ± 1.1%) cover were significantly higher outside the reserve (t-test, t = 2.563, p = 0.018 
and Mann-Whitney-Wilcoxon U-test, W = 133, p = 0.000 respectively). Conversely turf algae 
cover was significantly higher within the reserve (18.33 ± 1.36%) in contrast to outside the 
reserve (5.83 ± 1.25%) (t-test, t = -6.767, p = 0.000). 
Biomass of the fish assemblage was significantly different between sites (PERMANOVA, 999 
permutations, F(1, 68) = 4.456, p = 0.001); total biomass was 1027.49 kg ha
-1 within the reserve 
and 535.47 kg ha-1 outside the reserve. The first two axes of the PCA explained 63.50% of the 
variation in the fish community biomass (Fig. 2a) and there was a strong negative correlation 
between S. viride and the rest of the fish community (Fig. 2b). The average dissimilarity 
between the two sites was 56.44% (SIMPER) and the species contributing predominantly and 
significantly to this dissimilarity was S. viride (10.3%, p = 0.004). All other species individually 
contributed less than 8% and all other significant species individually contributed less than 5%. 
Abundance (Mann-Whitney-Wilcoxon U-test, W = 84, p = 0.001) and biomass (Mann-
Whitney-Wilcoxon U-test, W = 92.5, p = 0.003) of S. viride was significantly higher within the 
reserve than outside (Fig. 3). Although abundance and biomass of S. iseri showed no significant 
difference between sites (Mann-Whitney-Wilcoxon U-test, W = 265, p = 0.08 and W = 217, p 
= 0.655 respectively), mean abundance of S. iseri was 25% higher outside the reserve (Fig. 3). 
S. iseri were consistently recorded in smaller sizes classes than S. viride during UVC at both 
sites (Fig. 4). Although S. viride were more frequently recorded in larger size classes at both 
sites, large individuals (> 30 cm) were almost entirely absent outside the reserve (Fig. 4). 
3.2 Foraging behaviour 
Overall 400 individual fish were followed, 200 S. viride and 200 S. iseri, resulting in 23,093 
bites recorded during 2000 minutes of observation.  
Territorial S. viride and S. iseri had significantly lower bite rates than roving conspecifics 
(Table 2). S. viride had significantly higher bite rates within the reserve while S. iseri had 
significantly higher bite rates outside the reserve (Table 2). Although time of day was not found 
to significantly influence S. iseri bite rates, roving S. iseri exhibited an increase in mean bite 
rate in the afternoon while territorial did not (Table 1; Fig. 5). There was a significant influence 
of time of day on S. viride bite rates (Table 2) and mean bite rate of roving individuals increased 
more in the afternoon than that of territorial individuals, particularly outside the reserve (Table 
1; Fig 5). Body size did not have a significant influence on bite rate of S. iseri but both body 
size and the interaction between site and body size had a significant influence on S. viride bite 
rate (Table 1). 
4. Discussion  
4.1 Spearfishing effects on foraging behaviour 
This is the first study to assess non-extractive effects of spearfishing on parrotfish foraging 
behaviour. Spearfishing did not affect the diurnal feeding periodicity of these two important 
species of herbivorous parrotfish however, within the observed period, it did significantly 
reduce the bite rate of Sparisoma viride but not of Scarus iseri. Several studies have found that 
spearfishing results in changes in reef fish behaviour (Gotanda et al., 2009; Côté et al., 2014; 
Goetze et al., 2017) and as fish are well equipped for social learning (Brown & Laland, 2003) 
it is conceivable that foraging behaviour may be compromised by consistent spearfishing 
activity. Changes in foraging behaviour resulting in a reduced bite rate and consequently algal 
removal rate have the potential to be highly detrimental to reef communities. 
Parrotfish are recognised as important grazers (Bellwood et al., 2006) and any reduction in 
grazing rates may have serious consequences for the resilience of benthic reef communities 
(Mumby et al., 2007; Steneck et al., 2014). The significant difference in abundance,  biomass 
and size classes of S. viride between sites suggests that spearfishing may be negatively affecting 
the reef fish assemblage through the removal of these key herbivores. The greater abundance 
of turf algae and live coral in addition to the significantly increased abundance and biomass of 
S. viride within the limits of the marine reserve suggest increased grazing pressure and a well-
maintained reef state within these boundaries (Mumby, 2006). In contrast the greater 
proportion of macroalgae and a significantly lower biomass and absence of larger size classes 
of S. viride outside the reserve indicate that there has been a dramatic reduction in grazing 
pressure, possibly as parrotfish numbers have fallen below the threshold level needed to 
maintain the reef in a permanently grazed state (Mumby et al., 2007). Furthermore, parrotfish 
scraping impact increases markedly and non-linearly above body sizes of 15-20 cm and losses 
of these larger fish result in a disproportional loss of function that is not compensated for by a 
greater abundance of fish at smaller sizes (Lokrantz et al., 2008). S. viride > 20 cm were almost 
entirely absent outside the reserve, there was a significant interaction between body size and 
site on bite rates and, although S. iseri were more abundant their consistently smaller body 
sizes suggest scraping impact at this site may be minimal. This has been predicted to result in 
dramatic reductions in coral production (Mumby, 2006) and shifts to a macro-algal dominated 
state (Williams & Polunin, 2001).Even though each species displayed the same diurnal feeding 
periodicities at each site, bite rates of S. viride were significantly lower outside the reserve. 
This may be attributable to their history of exploitation and a perceived heightened predation 
risk (Murdoch & Sih, 1980; Holbrook & Schmitt 1988). Foraging behaviour is complex and 
dynamic and to fully understand the behaviour of foragers it is necessary to consider their need 
to avoid predators (Sih, 1980). Feeding is a behaviour which has been moulded by natural 
selection, until the arrival at a supposedly optimal state where both safety and food intake are 
simultaneously maximized (Sih, 1980). Foragers trade off food intake/energetic gain for safety 
when predators are present to reduce risk (Mittelbach, 1981; Holbrook & Schmitt, 1988). This 
may influence feeding rates (Murdoch & Sih, 1978) and habitat selection (Heithaus & Dill, 
2002). A decreased bite rate in the morning coincides with the dynamic temporal changes in 
predation risk, as spear fishermen typically fish in the morning (C. Skinner, personal 
observation). Habitats are dynamic and predation risk may vary spatially (Werner et al., 1983) 
and on a diel basis, which can affect the value of the habitat over a timescale of as little as an 
hour (Mittelbach, 1981). As a result, the vulnerability of a forager may vary serially in time 
(Holbrook & Schmitt, 1988). Roving fish with the ability to move freely may minimize 
foraging in the morning in areas with high spearfishing intensity. The reduced risk in the 
afternoon means there would be strong selection for maximizing energy intake during the time 
available for feeding. In support of this hypothesis, the mean bite rate of roving S. viride in the 
afternoon was higher outside the reserve than inside it. Conversely while territorial S. viride 
showed no difference in diurnal feeding periodicity they did have a consistently lower bite rate 
outside the reserve, suggesting that predation risk does alter their foraging activity. As they are 
more site-attached it is possible they decrease their feeding rate throughout the day to coincide 
with perceived predation risk thus maximizing safety and food intake.  
Regardless of time of day, S. iseri of both behavioural groups had a significantly higher bite 
rate outside the reserve. S. iseri were not targeted for consumption (C. Skinner, personal 
observation), thus inside the reserve competition with other species for limited resources, such 
as food and space, would be greater, potentially limiting their numbers. However, outside the 
reserve there was an almost 25% increase in S. iseri mean abundance (Fig. 2). As a result, 
individuals may be more directly in competition with conspecifics with whom they share food 
and space requirements, which could result in the need for more rapid exploitation of resources 
through an increased bite rate. Spearfishing has been found to significantly affect certain fish 
behaviours, e.g. increasing wariness and flight initiation distance and altering fish escape 
response (Cinner et al., 2006; Guidetti et al., 2008; Gotanda et al., 2009; Januchowski-Hartley 
et al., 2011), and it appears that total bite rate, but not diurnal feeding periodicity, is also 
affected.  
As the two study sites differed significantly in benthic composition, it is potentially difficult to 
disentangle the effects of available food from predation risk on foraging behaviour however 
the foraging periodicity of each behavioural group of both S. viride and S. iseri remained the 
same regardless of spearfishing intensity. Selection of target and non-target species as study 
subjects can be used to infer if behaviour changes are related to spearfishing pressure or other 
factors. S. iseri, a non-target species, showed no difference in abundance or biomass between 
sites regardless of fishing pressure. Furthermore, S. viride, a target species, was the primary 
species causing dissimilarity in the fish assemblages between the two sites, the abundance and 
biomass of this species was significantly greater and larger size classes were more frequent 
within the reserve compared to outside it. Finally, the consistent absence of only key fishery 
target species from outside the reserve suggests these species are absent due to fishing pressure 
and not from a lack of available food.  
4.2 Territorial vs roving foraging behaviour 
Territorial S. iseri may not exhibit diurnal feeding periodicity due to the presence of higher 
yield food resources inside territories. Active defence of reef patches by territorial individuals 
occurs when the benefits outweigh the costs of defending resources (Brown, 1964), and it is 
believed that territorial parrotfish actively defend food resources of limited availability and/or 
higher quality (van Rooij et al., 1996a). Foraging yields higher energy return (Bruggemann et 
al., 1994a) and thus parrotfish spend less time foraging (Bruggemann et al., 1996). As a result, 
feeding periodicity may not vary greatly with the diel cycle. In contrast, roving parrotfish had 
a higher mean bite rate in the afternoon, possibly as they predominantly expend energy on 
foraging and finding food patches of better quality (van Rooij et al., 1996a; Bonaldo et al., 
2006). Diurnal variations in feeding rates have been observed in over 20 species of herbivorous 
reef fish globally and are thought to be linked to higher algal nutritional value in the afternoon 
(Zemke-White et al., 2002). By increasing bite rates in the afternoon when algal content is of 
the highest quality, they maintain their algal “capital” each day (Polunin & Klumpp, 1989) and 
maximize the return from their energy expenditure. However this is the first time that 
differences in diurnal feeding periodicity between roving and territorial fish have been 
identified, underlining the importance of considering each one separately when studying 
species-specific foraging behaviour.  
There are other plausible explanations for the difference in diurnal feeding periodicity. Rovers 
may increase their ingestion of algae prior to nightfall to stock up on energy reserves before an 
extended period of rest when no foraging takes place. As territorial conspecifics ingest high 
quality food throughout the day (Bruggeman et al., 1994a) their energy reserves may be 
adequate, thus obviating the need to increase ingestion of algae before sunset. Increased 
foraging rate in the afternoon could also be to increase energy prior to reproductive activity 
that takes place at dusk. Despite evidence of increased bite rates in roving parrotfish groups in 
the present study and increased algal nutritional content in the afternoon in other studies 
(Polunin & Klumpp, 1989), in order to accurately determine the cause of this behaviour, further 
analysis is required of parrotfishes’ ability to assimilate available carbon (Zemke-White et al., 
2002), changes in starch content (Raubenheimer et al., 2005) and algal nutritional composition 
selected by fish throughout the day, all of which were beyond the scope of this study.  
Although marked differences in bite rate were observed between sites for both species, this 
study was potentially limited by low replication as foraging behaviours were only recorded 
within one site per management zone. While sites were large enough to ensure individual fish 
weren’t followed successively and recorded behaviours occurred consistently across the extent 
of each site, future work would benefit by including several sites from each management zone 
and carrying out observations at multiple locations to determine whether these behaviours are 
local adaptations or common across wider reef systems. Furthermore, due to limited time and 
resources only 12 benthic transects were conducted at each site and, although 10 m transects 
are standard AGRRA protocol (Lang et al., 2010), greater characterisation of the benthos and 
differences occurring between sites might have been achieved by increasing transect length or 
the number of replicates.   
This study adds further evidence of significant inter- and intra-specific variation in foraging 
behaviours among parrotfish (Mumby, 2009). The significant variation between conspecific 
behavioural groups demonstrates the extent to which each species must be studied individually 
as forming conclusions based on observations of a species as a whole is likely to result in error 
and may cause observers to miss certain behaviours. The targeting of successively smaller 
individuals (Pauly et al., 1998), often key herbivores (Hughes, 1994), may have unprecedented 
impacts on reef communities. However, in small coastal communities spearfishing is a key 
livelihood and an outright ban on spearfishing is often not feasible. Implementing restrictions 
on the extraction of parrotfish, as has already been done in several countries in the region 
(Montero, 2009; Government of Bonaire, 2010; Mumby, 2016), may be a more realistic 
approach (Jackson et al., 2014). Stratifying herbivore fisheries by separate reef habitats as 
opposed to applying a single regulation to an exploitable area may be a more appropriate 
management response (Mumby, 2016). It remains to be seen how this strategy will be applied 
in practice, but what is certain is that an ecosystem-based approach to fisheries management 
(Mumby, 2016), and greater communication between fishers, scientists and government is 
crucial (Young et al., 2014).  
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Tables 
Table 1. Number of observations (n) and mean bites ± standard error of both territorial and roving stoplight, Sparisoma viride, and striped, 
Scarus iseri, parrotfish.  
      Reserve   Non-reserve 
   Morning  Afternoon  Morning  Afternoon 
    
Size class 
(cm) 
n Bites   n Bites   n Bites   n Bites 
S. viride 
Territorial 
15-20 3 25.67 ± 4.67    
    3 42.00 ± 11.37 
20-30 13 29.15 ± 2.41  8 27.25 ± 3.30  12 24.08 ± 4.82  22 20.95 ± 3.09 
30-40 10 25.80 ± 3.91  15 33.27 ± 2.90  6 6.67 ± 2.06  7 16.57 ± 3.96 
40-50 1 21.00 ± 0.00          
Roving 
15-20 1 19.00 ± 0.00        2 56.00 ± 10.00 
20-30 21 42.29 ± 2.23  17 50.53 ± 2.24  12 41.50 ± 4.19  18 63.72 ± 4.20 
30-40 8 44.13 ± 4.25  3 45.00 ± 4.73  11 31.36 ± 3.16  6 42.33 ± 6.35 
40-50       1 69.00 ± 0.00    
S. iseri 
Territorial 
6-10 2 42.50 ± 22.50     1 45.00 ± 0.00  3 52.67 ± 10.27 
10-20 16 45.56 ± 4.38  7 49.14 ± 5.03  15 68.53 ± 7.28  21 66.52 ± 7.21 
20-30 15 55.20 ± 7.96  10 42.70 ± 8.13  5 67.20 ± 12.97  5 74.80 ± 17.00 
Roving 
6-10 1 60.00 ± 0.00     1 136.00 ± 0.00  4 151.00 ± 7.35 
10-20 20 79.95 ± 6.58  17 88.94 ± 9.67  10 105.80 ± 13.3  23 131.30 ± 6.96 
20-30 8 75.75 ± 9.67   4 94.00 ± 15.68   5 90.20 ± 13.67   7 108.14 ± 10.54 
 
 
 
23 
 
Table 2. Generalized linear model (GLM) outputs constructed for predicting whether 1 
Sparisoma viride, stoplight, or Scarus iseri, striped, parrotfish bite rates change between 2 
sites, with behavioural group, time of day or size. Numbers shown are coefficients with 95% 3 
confidence intervals and bold typeface indicating a significant p-value.   4 
 5 
  S. viride S. iseri 
Predictors Estimates CI (95%) p-value Estimates CI (95%) p-value 
Intercept 2.04 1.79 – 2.29 <0.001 2.11 1.99 – 2.23 <0.001 
Site -0.37 -0.73 – -0.01 0.043 -0.15 -0.22 – -0.08 <0.001 
Behaviour -0.36 -0.43 – -0.29 <0.001 -0.28 -0.34 – -0.21 <0.001 
Time -0.08 -0.15 – -0.01 0.022 -0.03 -0.10 – 0.03 0.314 
Size -0.01 -0.02 – -0.01 0.001 -0.00 -0.01 – 0.00 0.433 
Site*Size 0.02 0.01 – 0.03 0.004 
   
Observations 200 200 
Deviance 11.454 
 
10.409 
 6 
7 
24 
 
 8 
Fig. 1. Mean (±SE) cover of the benthos within the reserve (☐) and outside (■) the reserve. CCA, 9 
crustose coralline algae; CYAN, cyanobacteria; DC, dead coral; INV, invertebrates; LC, live coral; MA, 10 
macroalgae; PV, pavement; RB, rubble; SAND, sand; TA, turf algae.  11 
 12 
 13 
Fig. 2. (a) Principal components analysis (PCA) of fish community biomass composition within and 14 
outside the marine reserve and (b) the component loadings; i.e. the correlation coefficients between 15 
the variables and the factors. A. chirurgus, Acanthurus chirurgus; A. coeruleus, Acanthurus coeruleus; 16 
C. capistratus, Chaetodon capistratus; C. ruber, Caranx ruber; H. flavolineatum, Haemulon 17 
flavolineatum; H. sciurus, Haemulonsciurus; L. mahogani, Lutjanus mahogani; O. chrysurus, Ocyurus 18 
schrysurus; S. aurofrenatum, Sparisoma aurofrenatum; S. iseri, Scarus iseri; S. viride, Sparisoma 19 
viride.  20 
 21 
25 
 
 22 
Fig. 3. (a) Mean (± SE) abundance and (b) biomass of Sparisoma viride and Scarus iseri within the 23 
reserve (☐) and outside (■) the reserve. 24 
  25 
26 
 
 26 
Fig. 4. Recorded total length (LT)-frequency distribution of (a) Scarus iseri and (b) Sparisoma viride 27 
during underwater visual census within the reserve (☐) and outside (■) the reserve. 28 
 29 
Fig. 5. (a) Diurnal difference in mean (±SE; n= 50 fish per group) bite rates between territorial and 30 
roving Sparisoma viride and (b) Scarus iseri. ☐, morning; ■, afternoon.  31 
 32 
